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of	 interactions	 with	 birds	 adversely	 affected	 breeding	 systems	 of	 native	 plants.	 Through	




The	 bird‐pollinated,	 bird‐dispersed,	 gynodioecious	 native	 tree	 Fuchsia	 excorticata	 is	
prone	 to	 inbreeding	 depression,	 pollen	 limitation	 and	 seed	 limitation.	 Using	 the	 National	








performance	 between	 offspring	 of	 obligately	 cross‐pollinated	 females	 and	 self‐compatible	

















































































































































































































































































































































































































































Peninsula,	 (a)	 around	 1930,	 just	 prior	 European	
settlement,	(b)	around	1920,	after	the	end	of	milling,	
















































































































































































































































































































common	shape	measures	(Table	2.2):	the	perimeter	to	area	ratio	 	 ⁄ ,	and	Shape	
Index	SI	(Patton	1975),	which	measures	the	deviation	of	a	patch	shape	to	circularity	
independently	from	patch	area,	dividing	patch	perimeter	by	the	perimeter	of	a	circle	of	identical	





































































o 	Harary	index:	H ∑ ∑ , 	where	n	is	the	total	number	of	suitable	
patches	in	the	landscape,	and	nlij	is	the	number	of	links	in	the	shortest	path	(topological	
distance)	between	patches	i	and	j.	For	patches	that	are	not	connected	nlij	=	∞.	







































































































Blind	Bay	 360	 20.66	 1.31	 1.68	 0.26	 0.404	 0.377	 0.371	 0.27	 3.70	
Cloud	Farm	 620	 4.05	 2.65	 1.50	 1.88	 0.397	 0.451	 0.375	 1.60	 13.79	
Hay		 35	 6.37	 1.76	 1.25	 0.95	 0.030	 0.029	 0.030	 0.12	 8.12	
Hinewai	 400	 93.44	 0.97	 2.66	 4.39	 8.276	 7.294	 8.349	 7.48	 21.42	
Kaituna		 10	 5.34	 1.80	 1.17	 0.40	 0.552	 0.470	 0.466	 0.15	 4.72	
Magnet	Bay	 240	 29.49	 1.19	 1.83	 1.21	 0.624	 0.529	 0.560	 0.77	 7.69	
Montgomery	 500	 23.38	 1.18	 1.60	 0.50	 0.257	 0.261	 0.256	 0.13	 4.74	
Mt	Pearce	 540	 38.07	 1.19	 2.08	 1.32	 3.202	 2.368	 3.318	 3.77	 14.42	
Mt	Sinclair	 740	 74.72	 1.20	 2.91	 6.40	 6.068	 5.722	 6.665	 1.01	 15.30	
Oashore	 240	 12.87	 2.28	 2.31	 1.08	 0.463	 0.209	 0.274	 0.03	 1.75	
Otepatotu	 660	 16.84	 1.31	 1.51	 1.00	 0.373	 0.335	 0.380	 2.30	 13.98	
Pearce	QEII	 240	 18.58	 2.02	 2.46	 1.45	 1.601	 1.122	 1.659	 6.61	 16.71	
Prices	Valley	 40	 5.09	 2.23	 1.42	 0.31	 0.104	 0.088	 0.094	 0.39	 5.64	
Tipperary	Bush	 380	 6.09	 1.63	 1.13	 0.16	 0.011	 0.012	 0.010	 0.02	 1.39	
Tipperary	Gully	 300	 2.84	 2.61	 1.24	 0.09	 0.006	 0.005	 0.004	 0.01	 0.60	
Tutakakahikura	 380	 12.89	 1.97	 1.99	 0.44	 0.786	 0.667	 0.949	 2.57	 7.92	
Waghorn	 680	 8.60	 1.55	 1.28	 1.69	 0.758	 0.518	 0.735	 1.53	 8.88	





























Year	 2016	 2014‐15	 2013‐14	 2012	 2007‐11	 2006	 2005	 	
Season	 Last	 Second	 First	 Old	 Old	 Old	 Old	 	
Site		 Blocks	 	 	 	 	 	 	 	 Total	
Blind	Bay	 2	 	 	 9	 	 	 	 	 9	
Cloud	Farm	 1	 12	 3	 2	 	 	 	 	 17	
Hay	 3	 	 1	 21	 4	 25	 	 2	 53	
Hinewai	 4	 	 	 35	 	 38	 	 5	 78	
Kaituna	 2	 	 	 29	 1	 1	 	 2	 33	
Magnet	Bay	 1	 12	 2	 3	 	 	 	 	 17	
Montgomery	 4	 	 17	 13	 4	 16	 	 2	 52	
Mt	Pearce	 1	 12	 1	 	 	 4	 	 	 17	
Mt	Sinclair	 2	 13	 2	 1	 	 	 	 8	 24	
Oashore	 3	 	 32	 30	 10	 	 	 	 72	
Otepatotu	 3	 	 5	 25	 	 2	 	 	 32	
Pearce‐QEII	 2	 	 	 25	 	 	 	 	 25	
Prices	Valley	 2	 	 7	 23	 	 2	 1	 2	 35	
Tipperary	Bush	 1	 	 	 6	 	 	 	 	 6	
Tipperary	Gully	 1	 12	 1	 4	 	 	 	 	 17	
Tutakakahikura	 2	 	 1	 5	 	 5	 	 	 11	
Waghorn	 1	 11	 	 	 	 	 	 1	 12	
Whatarangi	 2	 8	 2	 5	 	 2	 	 	 17	




















Response	variable	 Parameter	 Df	 Chi‐sq	 p(>Chi‐sq)	
Bellbird	 Site	 17	 86.6718	 <	0.001	
	 Season	 3	 8.8908			 0.031	
Blackbird	 Site	 17	 54.0513	 <	0.001	
	 Season			 3	 5.6659			 0.129	
Rifleman	 Site	 17	 35.7729	 0.0049	






































s	 Site	 	 17	 90.714	 <	0.001	
	 Year	(num.)	 	 1	 3.477			 0.062	
	 Site	 	 17	 88.625	 <	0.001	










Parameter	 Coef.	 St.	error	 Z	 p‐value	
	 Year	(num.)	 ‐0.023			 0.012			 ‐1.865			 0.062	
	 Year	2006	 ‐1.065			 1.016			 ‐1.048			 0.294	
	 Year	2009	 0.143			 0.162				 0.883			 0.377	
	 Year	2012	 ‐0.483			 0.238			 ‐2.031			 0.042	
	 Year	2013	 ‐0.151			 0.156			 ‐0.968			 0.333	
	 Year	2014	 ‐0.007			 0.173			 ‐0.042			 0.967	
	 Year	2015	 0.322			 0.220				 1.467			 0.142	










Parameter	 	 Df	 Chisq	 p(>Chisq)	
	 Site	 	 17	 63.790	 <	0.001	
	 Year	(num.)	 	 1	 0.094			 0.759	
	 Site	 	 17	 48.020	 <	0.001	










Parameter	 Coef.	 St.	error	 Z	 p‐value	
	 Year	(num.)			 ‐0.006			 0.019			 ‐0.307			 0.759	
	 Year	2006	 ‐0.071			 0.742			 ‐0.096			 0.923	
	 Year	2009	 ‐0.856			 0.219			 ‐3.904	 <	0.001	
	 Year	2012	 ‐0.278			 0.317			 ‐0.874			 0.382	
	 Year	2013	 ‐0.365			 0.193			 ‐1.895			 0.058	
	 Year	2014	 ‐0.682			 0.245			 ‐2.785			 0.005	
	 Year	2015	 ‐0.652			 0.454			 ‐1.435			 0.151	










Parameter	 	 Df	 Chisq	 p(>Chisq)	
	 Site	 	 17	 35.612	 0.005	
	 Year	(num.)	 	 1	 0.538			 0.463	
	 Site	 	 17	 34.944	 0.006	










Parameter	 Coef.	 St.	error	 Z	 p‐value	
	 Year	(num.)	 ‐0.003			 0.004			 ‐0.734			 0.463	
	 Year	2006	 0.989	 3.12e05			 0.000			 1.000	
	 Year	2009	 0.730			 0.5796				 1.260			 0.208	
	 Year	2012	 ‐16.708			 6.65e04			 ‐0.002			 0.998	
	 Year	2013	 0.777			 0.5419				 1.434			 0.152	
	 Year	2014	 0.048			 0.7047				 0.068			 0.946	
	 Year	2015	 0.980			 9.11e04			 0.000			 1.000	















































































































Blind	Bay	 1.33	 0.44	 0	 0	 0	 1.33	 1.78	 1.22	 0	 0.22	 0	 0	 2.22	 0.44	 6.22	 6.78	
Cloud	Farm	 2.65	 1.24	 0.47	 2.65	 0.12	 5.41	 7.00	 0.00	 0.35	 0.76	 0.47	 0.65	 2.29	 0.47	 1.76	 2.24	
Hay	 3.32	 0.89	 0.58	 1.21	 0	 4.53	 6.00	 1.28	 0.21	 0.25	 0.02	 0.06	 1.89	 0.47	 2.64	 3.87	
Hinewai	 2.31	 1.23	 0.58	 0.88	 0	 3.19	 5.00	 0.49	 2.13	 0.22	 0.79	 0.45	 4.19	 0.54	 3.76	 4.73	
Kaituna	 1.64	 1.21	 0.67	 0.45	 0	 2.09	 4.27	 0.88	 0.06	 0.64	 0.03	 0	 1.94	 0.79	 3.79	 6.27	
Magnet	Bay	 2.65	 0.94	 0.35	 1.12	 0	 3.76	 5.06	 0.53	 0.76	 0.59	 0	 0.18	 2.06	 0.41	 4.41	 4.82	
Montgomery	 2.83	 0.98	 0.15	 2.29	 0.02	 5.13	 6.25	 0.56	 0.37	 0.63	 0.62	 0.12	 2.54	 0.37	 2.04	 2.83	
Mt	Pearce	 0.88	 0.59	 0	 0.47	 0	 1.35	 1.94	 0.12	 0.47	 0.47	 0.06	 0.12	 1.24	 0.12	 3.24	 3.53	
Mt	Sinclair	 2.08	 1.08	 0	 2.46	 0	 4.54	 5.63	 0.38	 0.46	 0.79	 0.29	 0.42	 2.33	 0.38	 2.54	 3.13	
Oashore	 2.53	 0.46	 0.17	 2.56	 0	 5.08	 5.71	 1.22	 0.36	 1.32	 0	 0	 3.14	 0.28	 3.86	 6.31	
Otepatotu	 1.81	 1.31	 0.34	 0.75	 0.03	 2.59	 4.22	 0.88	 0.63	 0.50	 0.31	 0.44	 2.88	 0.47	 4.59	 5.34	
Pearce	QEII	 3.04	 1.60	 0.28	 0.4	 0	 3.44	 5.32	 0.60	 0.08	 0.20	 0.64	 0.32	 1.84	 1.52	 6.96	 8.68	
Prices	Valley	 2.60	 1.43	 0.60	 0.51	 0.06	 3.17	 5.14	 0.69	 0.06	 0.94	 0.03	 0	 2.11	 0.83	 5.89	 8.91	
Tipperary	Bush	 0.67	 0.50	 0	 0.00	 0	 0.67	 1.17	 2.17	 0	 0	 0	 0	 2.17	 0.17	 5.00	 5.67	
Tipperary	Gully	 0.35	 1.76	 0	 2.41	 0	 2.76	 4.53	 0.29	 0.29	 0.06	 0	 0	 0.88	 0.65	 4.29	 5.00	
Tutakakahikura	 2.09	 0.45	 0.64	 1.91	 0	 4.00	 5.09	 1.18	 0.36	 0.09	 0.27	 0.27	 2.18	 0.73	 3.00	 4.27	
Waghorn	 3.25	 0.58	 0.08	 0.58	 0	 3.83	 4.50	 0.17	 0	 1.58	 0.17	 0.75	 2.67	 0.17	 1.83	 2.33	
















Information	 AIC	 BIC	 logLik	 deviance	 df.	residuals	
criteria	 1778.4	 1812.5	 ‐881.2	 1762.4	 519	
Scaled	residuals	 Min	 1Q	 Median	 3Q	 Max	
	 ‐1.8749	 ‐0.5203	 0.0109	 0.4187	 3.4396	
Random	effects	 Groups	 Name	 Variance	 Std.	Dev.	 Number	of	obs.	
	 Block:Site	 (Intercept)	 0.01792			 0.1339			 37	
	 Site	 (Intercept)			 0.07307			 0.2703			 18	
	 as.factor(Year)	 (Intercept)	 0.04103			 0.2026			 8	
	 	 	 	 	 527	
Fixed	effects	 	 Estimate	 Std.	Error	 z	value	 p(>|z|)	
	 (Intercept)											 1.56012			 0.33570			 4.647	 <	0.001	
	 Alt	 ‐0.55843			 0.37333			 ‐1.496			 0.13470	
	 log(Area)												 ‐0.19688			 0.10721			 ‐1.837			 0.06628	
	 log(ADRA)													 0.04299			 0.05858			 0.734			 0.46297	
	 log(dH)	 0.36522			 0.11976			 3.050			 0.00229	
Correlation	of		 	 (Intercept)	 Alt	 log(Area)	 log(ADRA)	
Fixed	Effects	 Alt	 ‐0.357			 	 	 	
	 log(Area)			 ‐0.816	 ‐0.118			 	 	
	 log(ADRA)	 0.350	 ‐0.204	 ‐0.187			 	
	 log(dH)	 0.415	 ‐0.175	 ‐0.443	 ‐0.352	














Response	var.	 Altitude	 log(Area)	 log(ADRA)	 log(dH)	
Bellbird	 ‐0.558	(0.135)					 ‐0.197	(0.066)	 0.043	(0.463)					 0.365	(0.002)	
Blackbird	 ‐0.221	(0.593)	 ‐0.078	(0.511)	 0.090	(0.165)	 ‐0.045	(0.735)	
Kereru	 ‐1.649	(0.048)	 ‐0.473	(0.052)	 0.281	(0.026)	 0.351	(0.185)	
Silvereye	 0.107	(0.913)			 ‐0.291	(0.252)			 ‐0.213	(0.116)			 0.612	(0.032)	
Pollinators	 ‐0.097	(0.792)					 ‐0.235	(0.028)			 ‐0.055	(0.341)					 0.389	(<	0.001)	
Dispersers	 ‐0.194	(0.536)					 ‐0.226	(0.015)			 ‐0.017	(0.738)					 0.313	(0.002)	
Fantail	 ‐1.033	(0.070)	 0.410	(0.044)	 ‐0.104	(0.202)			 ‐0.293	(0.105)	
Brown	Creeper	 2.041	(0.040)	 0.23	(0.384)				 ‐0.170	(0.235)			 0.202	(0.480)	
Grey	Warbler	 ‐0.244	(0.729)			 ‐0.222	(0.281)			 ‐0.093	(0.430)			 0.464	(0.054)	
Tomtit	 2.723	(0.036)	 ‐0.198	(0.595)			 0.600	(0.010)	 0.042	(0.926)			
Rifleman	 2.810	(<	0.001)	 ‐0.291	(0.106)					 0.424	(<	0.001)	 0.389	(0.113)	
Non‐mut.	native	 0.249	(0.408)			 0.043	(0.622)			 ‐0.021	(0.624)			 0.089	(0.328)	
Song	Thrush	 ‐0.796	(0.022)			 ‐0.162	(0.136)					 0.288	(<	0.001)	 ‐0.183	(0.103)	
Finches	 ‐0.337	(0.321)					 0.079	(0.430)					 0.084	(0.102)				 ‐0.188	(0.066)	






















































































































































































associated	 with	 high	 sensitivity	 to	 forest	 fragmentation,	 such	 as	 low	 dispersal	 abilities	 and	
vulnerable	nesting	habits	(Sodhi	et	al.	2004).	The	influence	of	ADRA	on	their	distribution	shows	
that	their	populations	can	be	favoured	by	increasing	the	number	and	reducing	the	distance	of	








values	 indicates	 that	 these	mutualist	 birds	 tend	 to	 build	movement	 decisions	 based	 on	 their	










time,	with	no	evidence	of	 linear	 increase	or	decline	 in	any	particular	species	across	 the	study	





with	 patch‐scale	 connectivity,	 whereas	 a	 highly	 mobile	 native	 honeyeater	 and	 a	 flocking	


















high	dispersal	 ability	 of	 native	mutualist	birds,	which	are	 capable	of	 travelling	 long	distances	
between	 forested	habitats,	 isolated	 fragments	may	be	overlooked	by	 foraging	pollinators	 and	
seed	dispersers.	A	possible	long‐term	consequence	of	low	visitation	by	mutualist	birds	is	the	lack	
















































































































































































































	 F	 H	 F	 H	
Site	 n	 PLS	 n	 PLS	 n	 PLS	 n	 PLS	
Cloud	Farm	 5	 1.64	 10	 2.59	 3	 1.64	 3	 3.29	
Hay	 0	 	 0	 	 2	 3.10	 1	 2.30	
Hinewai	 5	 0.70	 10	 2.41	 0	 	 0	 	
Magnet	Bay	 0	 	 0	 	 5	 0.84	 9	 2.09	
Montgomery	 3	 0.80	 9	 2.50	 5	 2.15	 5	 2.85	
Mt	Pearce	 0	 	 0	 	 3	 2.27	 7	 2.96	
Mt	Sinclair	 0	 	 4	 2.10	 3	 0.67	 4	 1.70	
Oashore	 0	 	 0	 	 1	 3.80	 7	 2.78	
Otepatotu	 5	 2.22	 10	 1.99	 3	 1.90	 5	 3.04	
Tipperary	Gully	 0	 	 0	 	 1	 1.90	 4	 2.87	
Tutakakahikura	 0	 	 0	 	 5	 1.98	 6	 1.73	
Waghorn	 3	 1.53	 5	 2.08	 0	 	 0	 	
Whatarangi	 6	 1.38	 9	 2.40	 6	 0.97	 6	 2.63	






















































Cloud	Farm	 620	 4.05	 1.88	 1.60	 3	 2.65	 2.65	
Hay		 35	 6.37	 0.95	 0.12	 1	 3.32	 1.21	
Hinewai	 400	 93.44	 4.39	 7.48	 3	 2.31	 0.88	
Magnet	Bay	 240	 29.49	 1.21	 0.77	 2	 0.94	 1.12	
Montgomery	 500	 23.38	 0.50	 0.13	 3	 2.83	 2.29	
Mt	Pearce	 540	 38.07	 1.32	 3.77	 3	 0.88	 0.47	
Mt	Sinclair	 740	 74.72	 6.40	 1.01	 2	 2.08	 2.46	
Oashore	 240	 12.87	 1.08	 0.03	 1	 2.53	 2.56	
Otepatotu	 660	 16.84	 1.00	 2.30	 3	 1.81	 0.75	
Tipperary	Gully	 300	 2.84	 0.09	 0.01	 1	 0.35	 2.41	
Tutakakahikura	 380	 12.89	 0.44	 2.57	 2	 2.09	 1.91	
Waghorn	 680	 8.60	 1.69	 1.53	 2	 3.25	 0.58	


















Response	variable	 Parameter	 Df	 Sum	Sq.	 Mean	Sq.	 F	value	 p(>F)	
PLS	 Site	 4	 6.45			 1.6119				 2.523	 0.0461	
	 Year	 1	 0.27			 0.2742				 0.429	 0.5140			
	 Site	:	Year	 4	 4.50	 1.1240				 1.759	 0.1437			











































Pollination	 scores	 on	 hermaphrodite	 F.	 excorticata	 flowers	 were	 always	 high,	 with	 a	




















Response	var.	 Parameter	 Coef.	 Std.	error	 Df	 Chisq.	 p(>Chisq)	 AIC	
PLS	 Intercept	 0.9144	 0.1254	 	 	 	 	
	 Altitude	 ‐0.0998	 0.2428	 1	 0.1688	 0.6811	 4097.4	
	 Intercept	 0.9897	 0.1147	 	 	 	 	
	 log(Area)	 ‐0.0443	 0.0387	 1	 1.3115	 0.2521	 4096.3	
	 Intercept	 0.8734	 0.0423	 	 	 	 	
	 log(dH)	 ‐0.0422	 0.0429	 1	 0.9676	 0.3253	 4096.6	
	 Intercept	 0.8551	 0.0414	 	 	 	 	
	 log(ADRA)	 ‐0.0319	 0.0226	 1	 2.0032	 0.157	 4095.7	
	 Intercept	 0.8227	 0.0529	 	 	 	 	
	 Edge	 0.0432	 0.0291	 1	 2.2009	 0.1379	 4095.4	
	 Intercept	(low)	 1.0101	 0.0696	 	 	 	 	
	 FEdensity	(med.)	 ‐0.3497	 0.0862	 	 	 	 	
	 FEdensity	(high)	 ‐0.0758	 0.0754	 2	 25.497	 <0.001	 4082.3	
	 Intercept	 1.0073	 0.1302	 	 	 	 	
	 Bellbird	 ‐0.0629	 0.0553	 1	 1.2969	 0.2548	 4096.3	
	 Intercept	 0.8153	 0.0976	 	 	 	 	
















Information	 AIC	 BIC	 logLik	 deviance	 df.	residuals	
criteria	 4082.3	 4107.5	 ‐2036.1	 4072.3	 1131	
Scaled	residuals	 Min	 1Q	 Median	 3Q	 Max	
	 ‐1.7391	 ‐0.6904	 0.1965	 0.7400	 1.7187	
Random	effects	 Groups	 Name	 Variance	 Std.	Dev.	 Number	of	obs.	
	 TreeID:Site	 (Intercept)	 0.0203	 0.1426	 104	
	 Site			 (Intercept)			 <0.001	 <0.001	 13	
	 	 	 	 	 1136	
Fixed	effects	 	 Estimate	 Std.	Error	 z	value	 p(>|z|)	
	 (Intercept)											 1.0101	 0.0696	 14.515	 <0.001	
	 FEdensity	(med.)	 ‐0.3497	 0.0861	 ‐4.058	 <0.001	
	 FEdensity	(high)	 ‐0.0758	 0.0754	 ‐1.005	 0.315	
Correlation	of		 	 (Intercept)	 FEdensity	(med.)	 	 	 	
Fixed	Effects	 FEdensity	(med.)	 ‐0.805	 	 	 	 	
	 FEdensity	(high)	 ‐0.921	 0.743	 	 	 	
	
On	 females,	 the	 models	 identified	 a	 significant	 negative	 effect	 of	 area	 and	 dH	 on	
pollination	scores.	The	plotting	of	data	was	suggestive	of	a	quadratic	response	of	log(Area),	with	




formulas:	 glm(formula	 =	 PLS	 ~	 poly(log(dH),2),	 family	 =	 "poisson")	 and	 glm(formula	 =	 PLS	 ~	
















Response	var.	 Parameter	 Coef.	 Std.	error	 Df	 Chisq.	 p(>Chisq)	 AIC	
PLS	 Intercept	 0.8115			 0.3358	 	 	 	 	
	 Altitude	 ‐0.8656	 0.6606	 1	 1.717			 0.1901	 2014.4	
	 Intercept	 0.4091		 0.0977	 	 	 	 	
	 poly(log(Area))1	 ‐5.6836	 2.3927	 	 	 	 	
	 poly(log(Area))2	 ‐5.7461	 2.2722	 2	 12.194	 0.0022	 2008.9	
	 Intercept	 0.4431	 0.1067	 	 	 	 	
	 log(dH)	 ‐0.3091	 0.1183	 1	 6.830	 0.0090	 2010.7	
	 Intercept	 0.3618	 0.1263	 	 	 	 	
	 log(ADRA)	 ‐0.1242	 0.0727	 1	 2.9193	 0.0875	 2013.3	
	 Intercept	 0.4956			 0.1330	 	 	 	 	
	 Edge	 ‐0.1719	 0.1011	 1	 2.8903	 0.0891	 2013.2	
	 Intercept	(low)	 1.0424			 0.2614	 	 	 	 	
	 FEdensity	(med.)	 ‐0.9110			 0.3249	 	 	 	 	
	 FEdensity	(high)	 ‐0.6841			 0.2995	 2	 8.0557			 0.0178	 2011.4	
	 Intercept	 0.5036	 0.4240	 	 	 	 	
	 Bellbird	 ‐0.0423	 0.1747	 1	 0.0587	 0.8086	 2016.0	
	 Intercept	 0.3897	 0.3075	 	 	 	 	







significant	 effect	 (p	 <	 0.1),	with	 a	 ΔAIC	 <	 5	 between	 these	 five	models	 (Table	 3.6).	 I	 ran	 the	
stepwise	backward	analysis	on	the	initial	GLMM	including	all	five	significant	(p	<	0.1)	parameters	
using	 the	 formula:	 glmer(PLS	 ~	 poly(log(Area),2)	 +	 log(dH)	 +	 log(ADRA)	 +	 edge	 +	
as.factor(FEDensity)	+	 (1|Site/TreeID)	 ,	 control	=	glmerControl(optimizer	=	 "bobyqa"),	 family	=	
"poisson"),	including	a	control	command	to	help	the	model	converge.	
a.	 	 	 	 	 	 			b.
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The	 model	 selection	 suggested	 to	 drop	 edge	 and	 dH,	 and	 to	 keep	 the	 three	 other	
parameters:	the	final	model	with	the	lowest	AIC	included	area,	ADRA	and	FEdensity	(Table	3.7).	
Table	3.7:	 Summary	 output	 of	 the	 selected	 GLMM	 testing	 the	 effect	 of	 area,	 ADRA,	 and	F.	 excorticata	
density,	 on	 the	 pollen	 load	 score	 of	 female	 F.	 excorticata	 flowers	 in	 13	 lowland	 forest	 sites	 on	 Banks	





Information	 AIC	 BIC	 logLik	 deviance	 df.	residuals	
criteria	 1999.4				 2035.0				 ‐991.7				 		1983.4					 627	
Scaled	residuals	 Min	 1Q	 Median	 3Q	 Max	
	 ‐1.7277	 ‐0.9244			 0.0108			 0.6873			 2.8625	
Random	effects	 Groups	 Name	 Variance	 Std.	Dev.	 Number	of	obs.	
	 TreeID:Site	 (Intercept)	 0.0859	 0.2930	 60	
	 Site			 (Intercept)			 0.0031	 0.0554	 13	
	 	 	 	 	 635	
Fixed	effects	 	 Estimate	 Std.	Error	 z	value	 p(>|z|)	
	 (Intercept)											 1.3908	 0.2346	 5.929	 <0.001	
	 poly(log(Area))1	 ‐3.6720	 1.5517	 ‐2.366	 0.018	
	 poly(log(Area))2	 ‐7.9094		 1.4763	 ‐5.358	 <0.001	
	 log(ADRA)													 0.1288		 0.0525	 2.453	 0.014	
	 FEdensity	(med.)	 ‐1.3452		 0.2769	 ‐4.858	 <0.001	
	 FEdensity	(high)	 ‐1.0096		 0.2457	 ‐4.108	 <0.001	
Correlation	of		 	 (Int.)	 p(log(A))1	 p(log(A))2	 Log(ADRA)	 Fed(med.)	
Fixed	Effects	 poly(log(Area))1	 0.033	 	 	 	 	
	 poly(log(Area))2	 ‐0.177	 0.108	 	 	 	
	 log(ADRA)	 0.622	 ‐0.249	 ‐0.238	 	 	
	 FEdensity	(med.)	 ‐0.912	 ‐0.065	 0.270	 ‐0.606	 	





















































































































































































































































































































































































































































































Bellbird	 Blackbird	 Kereru	 Silvereye	
Cloud	Farm	 10	 76.14	 620	 4.05	 1.60	 1.88	 3	 2.65	 1.24	 0.47	 2.65	
Hinewai	 10	 37.17	 400	 93.44	 7.48	 4.39	 3	 2.31	 1.23	 0.58	 0.88	
Magnet	Bay	 10	 30.71	 240	 29.49	 0.77	 1.21	 2	 0.94	 0.94	 0.35	 1.12	
Montgomery	 10	 48.77	 500	 23.38	 0.13	 0.50	 3	 2.83	 0.98	 0.15	 2.29	
Mt	Sinclair	 10	 68.84	 740	 74.72	 1.01	 6.40	 2	 2.08	 1.08	 0	 2.46	
Otepatotu	 10	 60.08	 660	 16.84	 2.30	 1.00	 3	 1.81	 1.31	 0.34	 0.75	
Tipperary	Gully	 4	 10.52	 300	 2.84	 0.01	 0.09	 1	 0.35	 1.76	 0	 2.41	
Tutakakahikura	 10	 48.01	 380	 12.89	 2.57	 0.44	 2	 2.09	 0.45	 0.64	 1.91	
Waghorn	 5	 51.41	 680	 8.60	 1.53	 1.69	 2	 3.25	 0.58	 0.08	 0.58	













To	 identify	which	 site‐specific	parameters	may	 explain	 this	 variation	on	F.	excorticata	













for	 tree	 within	 site,	 then	 manually	 removing	 fixed‐effect	 parameters	 one	 at	 a	 time	 (drop1	
command	in	R,	with	test	=	“Chisq”).	This	stepwise	backward	model	selection	was	repeated	until	











Response	variable	 Parameter	 Df	 Deviance	 Resid.	Df	 Resid.	Dev			 p(>F)	
%	green	fruits	 NULL	 	 	 88	 668.65										 	








The	models	 identified	a	 significant	 (p<0.1)	 effect	of	 altitude,	dH,	ADRA,	FEdensity	 and	
Bellbird	on	dispersal	index,	with	a	ΔAIC	<	10	between	these	five	models	(Table	4.3).	





Response	var.	 Parameter	 Coef.	 Std.	error	 Df	 Chisq.	 p(>Chisq)	 AIC	
DI	 Intercept	 ‐2.0000	 0.4830	 	 	 	 	
	 Altitude	 3.9253	 0.8875	 1	 19.561	 <0.001	 574.5	
	 Intercept	 ‐0.1636	 0.6891	 	 	 	 	
	 log(Area)	 0.0507	 0.2328	 1	 0.0475	 0.8275	 585.6	
	 Intercept	 ‐0.0865	 0.2173	 	 	 	 	
	 log(dH)	 0.4410	 0.1992	 1	 4.8989	 0.0268	 581.3	
	 Intercept	 0.0312	 0.2283	 	 	 	 	
	 log(ADRA)	 0.2662	 0.1429	 1	 3.4686	 0.0625	 582.4	
	 Intercept	 ‐0.0250	 0.2653	 	 	 	 	
	 Edge	 0.0015	 0.1563	 1	 <0.001	 0.9921	 585.6	
	 Intercept	(low)	 ‐1.9943	 0.7495	 	 	 	 	
	 FEdensity	(med.)	 2.0072	 0.8098	 	 	 	 	
	 FEdensity	(high)	 2.2458	 0.7967	 2	 7.9484	 0.0188	 581.0	
	 Intercept	 ‐1.3524	 0.8111	 	 	 	 	
	 Bellbird	 0.5783	 0.3361	 1	 2.9600	 0.0853	 582.8	
	 Intercept	 ‐0.4124	 0.6114	 	 	 	 	
	 Silvereye	 0.2284	 0.3277	 1	 0.4858	 0.4858	 585.2	
	 Intercept	 0.6218	 0.8033	 	 	 	 	
	 Blackbird	 ‐0.6250	 0.7402	 1	 0.7129	 0.3985	 584.9	
	 Intercept	 ‐0.1411	 0.4009	 	 	 	 	
	 Kereru	 0.4264	 1.1223	 1	 0.1443	 0.7040	 585.5	
	
I	 ran	 the	 stepwise	backward	analysis	on	 the	 initial	GLMM	 including	all	 five	 significant	




















Information	 AIC	 BIC	 logLik	 deviance	 df.	residuals	
criteria	 573.7				 588.6				 ‐280.9	 561.7	 83	
Scaled	residuals	 Min	 1Q	 Median	 3Q	 Max	
	 ‐1.0966	 ‐0.3257	 ‐0.0469	 0.2666	 1.3810	
Random	effects	 Groups	 Name	 Variance	 Std.	Dev.	 Number	of	obs.	
	 TreeID:Site	 (Intercept)	 0.3775	 0.6145	 89	
	 Site			 (Intercept)			 0.0849	 0.2915	 10	
	 	 	 	 	 89	
Fixed	effects	 	 Estimate	 Std.	Error	 z	value	 p(>|z|)	
	 (Intercept)											 ‐2.9671	 0.6281	 ‐4.724	 <0.001	
	 Altitude	 3.2720	 0.8166	 4.007	 <0.001	
	 FEdensity	(med.)	 1.3461	 0.6296	 2.138	 0.0325	
	 FEdensity	(high)	 1.4131	 0.6344	 2.227	 0.0259	
Correlation	of		 	 (Intercept)	 Altitude	 FEdensity(med.)	
Fixed	Effects	 Altitude	 ‐0.393	 	 	
	 FEdensity	(med.)	 ‐0.744	 ‐0.255	 	
	 FEdensity	(high)	 ‐0.711	 ‐0.322	 0.918	
	 	 	 	
	
	
Figure	 4.2:	 scatter	 plot	 with	 fitted	 regression	 line	 and	 boxplot	 of	 the	 parameters	 kept	 by	 the	 model	
selection	 on	 the	 number	 of	 green	 fruits	 remaining	 per	 F.	 excorticata	 branch:	 (a)	 Altitude,	 and	 (b)	 F.	






























































































































































































































































































































































pollination	 service	 is	 a	 decrease	 in	 seed	 production:	 low	 quantity	 or	 poor	 quality	 of	 pollen	
deposition	 on	 the	 flower’s	 stigma	 may	 lead	 to	 the	 production	 of	 fewer	 seeds	 per	 fruit.	 F.	
excorticata	berries	typically	contain	two	types	of	seeds:	“unfilled”	seeds	(germination	<	1%)	are	
flat	and	translucent,	while	“filled”	seeds	(germination	>	80%)	are	fat	and	dark	(Robertson	et	al.	
2008).	 The	 unfilled	 seeds	 are	 thought	 to	 be	 largely	 non‐pollinated	 (Robertson	 et	 al.	 2008).	
93 
 
Therefore,	 I	 chose	 to	 ignore	unfilled	 seeds	and	 take	only	 filled	 seeds	 into	account	 in	order	 to	
analyse	seed	set	data	and	compare	with	pollination	results	from	Chapter	3.	
In	a	study	comparing	pollination	treatments	of	F.	excorticata	flowers	(none,	natural,	and	



















N.	of	fruits	collected	 20	 11	 10	 9	 8	 7	 6	 4	 3	 2	
N.	of	trees	sampled	 2	 1	 71	 4	 2	 2	 4	 3	 2	 1	
	
Germination	rate	and	seedling	growth	performance	

















rates	 and	 slow	growth	 of	 progeny	may	 suggest	 locally	poor	 gene	 flow,	 indicative	of	 a	 limited	
genetic	pool,	reduced	pollination	service,	and	high	inbreeding	depression.		









mother	plant,	were	combined	 into	one	seed‐pool	per	parent	 tree,	 so	random	variation	among	
fruits	 per	 tree	 would	 not	 affect	 the	 results.	 Each	 seed‐pool	 was	 then	 divided	 into	 five	 equal	



















































CloudFarm	 10	 620	 4.05	 1.60	 1.88	 3	 2.65	 2.65	
Hay		 4	 35	 6.37	 0.12	 0.95	 1	 3.32	 1.21	
Hinewai	 10	 400	 93.44	 7.48	 4.39	 3	 2.31	 0.88	
MagnetBay	 10	 240	 29.49	 0.77	 1.21	 2	 2.65	 1.12	
Montgomery	 10	 500	 23.38	 0.13	 0.50	 3	 2.83	 2.29	
MtPearce	 9	 540	 38.07	 3.77	 1.32	 3	 0.88	 0.47	
Oashore	 6	 240	 12.87	 0.03	 1.08	 1	 2.53	 2.56	
Otepatotu	 8	 660	 16.84	 2.30	 1.00	 3	 1.81	 0.75	
TipperaryGully	 5	 300	 2.84	 0.01	 0.09	 1	 0.35	 2.41	
Tutakakahikura	 10	 380	 12.89	 2.57	 0.44	 2	 2.09	 1.91	






























































the	 explanatory	 variable	 x	was	 respectively	 altitude,	 area,	 connectivity	 indices	dH	and	ADRA,	
edge,	F.	excorticata	density,	mean	number	of	bellbird,	and	mean	number	of	silvereye	detected	per	






























estimated	 as	 the	 final	 percentage	 of	 seeds	 that	 had	 germinated	 3	 months	 after	 sowing,	 and	














Response	variable	 Parameter	 Df	 Deviance	 Resid.	Df	 Resid.	Dev			 p(>F)	
Seeds	per	locule	 NULL	 	 	 91	 34977	 	
	 Sex	 1	 1367.3			 90	 33610	 0.009	
	 Site								 10	 14186.3			 80	 19424	 <	0.001	
	 Sex:Site					 9	 5195.1			 71	 14229			 0.002	
Germination	rate	 NULL	 	 	 92	 1393.63	 	
	 Sex	 1	 0.01			 91	 1393.62					 0.977				
	 Site	 10	 487.57			 81	 906.05	 <	0.001	
	 Sex:Site			 9	 			109.36			 72	 796.68					 0.307	
Min.	seedling	height	 NULL	 	 	 87	 198433	 	
	 Sex	 1	 1228	 86	 197205	 0.382					
	 Site	 10	 84366	 76	 112840	 <	0.001	
	 Sex:Site			 8	 5178	 68	 107662	 0.912					
Max.	seedling	height	 NULL															 	 	 87	 357036	 	
	 Sex								 1	 30	 86	 357005	 0.909	
	 Site						 10	 191411	 76			 165594	 <	0.001	
	 Sex:Site			 8						 7582			 68						 158012					 0.912					
Mean.	seedling	height	 NULL															 	 	 87						 306426										 	
	 Sex								 1	 8741			 86						 297685			 0.009	
	 Site						 10	 214166			 76							 83518			 <	0.001	






































a.	 	 	 	 	 	 															b.	
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Response	var.	 Parameter	 Coef.	 Std.	error	 Df	 Chisq.	 p(>Chisq)	 AIC	
Seeds	per		 Intercept	 4.5405			 0.2468			 	 	 	 	
locule	in		 Altitude	 ‐0.2817		 0.5251			 1	 0.2878			 0.5917	 4517.5	
female	fruits	 Intercept	 4.4305	 0.0843	 	 	 	 	
	 Poly(log(Area),1)	 1.5627	 1.5423	 	 	 	 	
	 Poly(log(Area),2)	 ‐2.1781	 1.3748	 2	 5.0378	 0.0805	 4514.9	
	 Intercept	 4.4269	 0.0849	 	 	 	 	
	 log(dH)	 0.2080	 0.0961	 1	 4.6866	 0.0304	 4513.1	
	 Intercept	 4.4389	 0.0969	 	 	 	 	
	 log(ADRA)	 0.0720	 0.0549	 1	 1.7157	 0.1902	 4516.0	
	 Intercept	 4.3548	 0.1081	 	 	 	 	
	 Edge	 0.1028	 0.0749	 1	 1.8821	 0.1701	 4515.9	
	 Intercept	(low)	 4.1407	 0.2340	 	 	 	 	
	 FEdensity	(med.)	 0.3883	 0.3076	 	 	 	 	
	 FEdensity	(high)	 0.3158	 0.2629	 2	 1.813	 0.4039	 4517.9	
	 Intercept	 4.0117	 0.2293	 	 	 	 	
	 Bellbird	 0.1984	 0.1017	 1	 3.802	 0.0512	 4514.2	
	 Intercept	 4.6710	 0.2254	 	 	 	 	
	 Silvereye	 ‐0.1564	 0.1296	 1	 1.4556	 0.2276	 4516.4	
Seeds	per		 Intercept	 4.4896	 0.0919	 	 	 	 	
locule	in		 Altitude	 0.3816	 0.1978	 1	 3.7211	 0.0537	 7615.8	
hermaphrodite		 Intercept	 4.5832	 0.1084	 	 	 	 	
fruits	 log(Area)	 0.0263	 0.0384	 1	 0.4701	 0.493	 7618.6	
	 Intercept	 4.6508	 0.0385	 	 	 	 	
	 log(dH)	 ‐0.0237	 0.0421	 1	 0.3158	 0.5741	 7618.7	
	 Intercept	 4.6706	 0.0378	 	 	 	 	
	 log(ADRA)	 0.0275	 0.0182	 1	 2.2755	 0.1314	 7616.9	
	 Intercept	 4.5965	 0.0458	 	 	 	 	
	 Edge	 0.0574	 0.0252	 1	 5.2029	 0.0225	 7614.1	
	 Intercept	(low)	 4.4743	 0.0605	 	 	 	 	
	 FEdensity	(med.)	 0.2428	 0.0872	 	 	 	 	
	 FEdensity	(high)	 0.2265	 0.0699	 2	 11.621	 0.0029	 7612.8	
	 Intercept	 4.6692	 0.0968	 	 	 	 	
	 Bellbird	 ‐0.0084	 0.0447	 1	 0.0355	 0.8505	 7619	
	 Intercept	 4.7107	 0.0904	 	 	 	 	
	 Silvereye	 ‐0.0346	 0.0490	 1	 0.4992	 0.4798	 7618.6	
	
On	female	seed	set,	the	initial	GLMM	included	three	significant	(p<0.1)	parameters:	area,	
connectivity	 index	dH,	and	bellbird	density.	 I	 ran	the	stepwise	backward	analysis	 the	 formula	
glmer(Seeds	~	poly(log(Area),2)	+	log(dH)	+	Bellbird	+	(1|Site/TreeID),	family	=	"poisson")	and	none	












Information	 AIC	 BIC	 logLik	 deviance	 df.	residuals	
criteria	 4510.0	 4535.4	 ‐2248.0	 4496.0	 273	
Scaled	residuals	 Min	 1Q	 Median	 3Q	 Max	
	 ‐7.5572	 ‐1.5816	 0.1581	 1.8469	 10.5768	
Random	effects	 Groups	 Name	 Variance	 Std.	Dev.	 Number	of	obs.	
	 TreeID:Site	 (Intercept)	 0.0465	 .2156	 32	
	 Site			 (Intercept)			 0.0122	 0.1103	 10	
	 	 	 	 	 280	
Fixed	effects	 	 Estimate	 Std.	Error	 z	value	 p(>|z|)	
	 (Intercept)											 4.1357	 0.1793	 23.065	 <0.001	
	 poly(log(Area),	2)1	 0.2659	 1.3726	 0.194	 0.8463	
	 poly(log(Area),	2)2	 ‐2.7706		 1.0175	 ‐2.723	 0.0065	
	 log(dH)	 0.1630	 0.0920	 1.772	 0.0765	
	 Bellbird	 0.1379	 0.0828	 1.665	 0.0959	
Correlation	of		 	 (Intercept)	 poly(log(A))1	 poly(log(A))2	 Log(dH)	
Fixed	Effects	 poly(log(Area),	2)1	 ‐0.395	 	 	 	
	 poly(log(Area),	2)2	 ‐0.146	 0.464	 	 	
	 log(dH)	 0.434	 ‐0.691	 ‐0.478	 	
	 Bellbird	 ‐0.950	 0.472	 0.195	 ‐0.509	
	 	 	 	
	 	 	
	
Figure	5.3:	scatter	plots	with	 fitted	 regression	 lines	of	parameters	kept	by	 the	model	 selection	on	 the	
average	 number	 of	 filled	 seeds	 per	 locule	 in	 female	 F.	 excorticata	 fruits	 (mean	 per	 mother	 tree):	 (a)	
log(Area),	(b)	log(dH),	and	(c)	mean	number	of	bellbird	detected	per	count.	
	
On	 hermaphrodite	 data,	 the	 initial	 GLMM	 included	 the	 three	 significant	 (p<0.1)	
parameters:	altitude,	edge	and	F.	excorticata	density.	I	used	the	formula:	glmer(Seeds	~	Altitude	+	
Edge	+	as.factor(FEdensity)	+	(1|Site/TreeID),	control	=	glmerControl(optimizer	=	"bobyqa"),	family	














Information	 AIC	 BIC	 logLik	 deviance	 df.	residuals	
criteria	 7610.7	 7637.0	 ‐3799.3	 7598.7	 585	
Scaled	residuals	 Min	 1Q	 Median	 3Q	 Max	
	 ‐8.1827	 ‐1.1649	 0.1985	 1.4610	 7.1487	
Random	effects	 Groups	 Name	 Variance	 Std.	Dev.	 Number	of	obs.	
	 TreeID:Site	 (Intercept)	 0.0251	 0.1585	 60	
	 Site			 (Intercept)			 0.0034	 0.0582	 11	
	 	 	 	 	 591	
Fixed	effects	 	 Estimate	 Std.	Error	 z	value	 p(>|z|)	
	 (Intercept)											 4.4336	 0.0643	 68.99	 <0.001	
	 Edge	 0.0518	 0.0249	 2.08	 0.0378	
	 as.factor(FEdensity)2	 0.2379	 0.0885	 2.69	 0.0072	
	 as.factor(FEdensity)3	 0.2126	 0.0711	 2.99	 0.0028	
Correlation	of		 	 (Intercept)	 Edge	 as.f(FEd)2	 	
Fixed	Effects	 Edge	 ‐0.313	 	 	 	
	 as.factor(FEdensity)2	 ‐0.642	 ‐0.026	 	 	

































a.	 	 	 	 	 	 												b.	
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Response	var.	 Parameter	 Coef.	 Std.	error	 Df	 Chisq.	 p(>Chisq)	 AIC	
Germination		 Intercept	 1.3800	 0.5254	 	 	 	 	
rate	 Altitude	 ‐0.6019	 1.1507	 1	 0.2736	 0.6009	 2410.7	
	 Intercept	 1.4362	 0.5649	 	 	 	 	
	 log(Area)	 ‐0.1173	 0.1998	 1	 0.3445	 0.5572	 2410.6	
	 Intercept	 1.1367	 0.2039	 	 	 	 	
	 log(dH)	 0.1459	 0.2198	 1	 0.4407	 0.5068	 2410.5	
	 Intercept	 1.1357	 0.2150	 	 	 	 	
	 log(ADRA)	 0.0147	 0.1032	 1	 0.0202	 0.8869	 2410.9	
	 Intercept	 1.2500	 0.2213	 	 	 	 	
	 Edge	 ‐0.1479	 0.1116	 1	 1.7556	 0.1852	 2409.2	
	 Intercept	(low)	 1.0213	 0.3965	 	 	 	 	
	 FEdensity	(med.)	 0.5945	 0.5932	 	 	 	 	
	 FEdensity	(high)	 ‐0.0145	 0.4701	 2	 1.5228	 0.4670	 2411.5	
	 Intercept	 0.4096	 0.4734	 	 	 	 	
	 Bellbird	 0.3547	 0.2156	 1	 2.7053	 0.1000	 2408.5	
	 Intercept	 0.5877	 0.4538	 	 	 	 	









Information	 AIC	 BIC	 logLik	 deviance	 df.	residuals	
criteria	 		2408.5	 2425.0	 ‐1200.2		 2400.5	 461	
Scaled	residuals	 Min	 1Q	 Median	 3Q	 Max	
	 ‐5.7032	 ‐0.6999	 0.1529	 0.8752	 4.6061	
Random	effects	 Groups	 Name	 Variance	 Std.	Dev.	 Number	of	obs.	
	 TreeID:Site	 (Intercept)	 0.6790	 0.8240	 93	
	 Site			 (Intercept)			 0.2842	 0.5331	 11	
	 	 	 	 	 465	
Fixed	effects	 	 Estimate	 Std.	Error	 z	value	 p(>|z|)	
	 (Intercept)											 0.4096	 0.4734	 0.865	 0.387	
	 Bellbird	 0.3547	 0.2156	 1.645	 0.100	
Correlation	of		 	 (Intercept)	 	 	 	

























sexes	 of	 parent	 trees	 within	 sites	 (non‐significant	 Sex:Site	 interaction,	 Table	 5.3)	may	 be	 an	
indication	 that	differences	between	sites	 in	growth	rate	of	seedlings	 from	parents	of	each	sex	
were	 caused	 predominantly	 by	 a	 combination	 of	 local	 genetic	 factors	 from	 the	 source	





at	 least	 as	well	 as	outcrossed	seedlings	 from	 female	mothers,	whereas	 low	scores	meant	 that	






and	 relative	F.	excorticata	 density	 (Table	5.9,	 Figure	5.7).	The	models	 testing	 individually	 the	
effect	of	altitude,	area,	site‐scale	connectivity	index	ADRA,	and	pollinator	bird	densities,	didn’t	
identify	any	significant	influence	on	local	seedling	growth	performance	(Table	5.9).	




rates	 of	 self‐pollination.	 On	 Banks	 Peninsula,	 isolation	 was	 the	 main	 cause	 of	 inbreeding	
depression	in	F.	excorticata	seedlings,	whereas	improved	connectivity	between	sites	or	between	















Resp.	var.	 Parameter	 Coef.	 Std.	err.	 Df	 Deviance	 Res.	Df	 Resid.	Dev			 p(>F)	
Hdiff	 Intercept	 ‐30.437			 12.01303			 	 	 7	 2320.3			 	
	 Altitude							 0.055			 0.02693			 1	 946.7			 6	 1373.6	 0.088	
	 Intercept	 ‐24.320			 15.013			 	 	 7	 2320.3			 	
	 log(Area)							 6.282			 5.436			 1	 422.52			 6	 1897.8			 0.292	
	 Intercept	 ‐8.877			 3.940			 	 	 7	 2320.3			 	
	 log(dH)								 13.702			 3.846			 1	 1575.6			 6	 744.72	 0.012	
	 Intercept	 ‐6.304	 5.107			 	 	 7	 2320.3	 	
	 log(ADRA)						 5.876			 2.499			 1	 1112.7			 6	 1207.7	 0.057	
	 Intercept	 ‐50.005			 8.900			 	 	 7	 2320.3	 	
	 FEdensity	 18.418			 3.711			 1	 1865.8			 6	 454.56	 0.002	
	 Intercept	 ‐12.250			 20.313			 	 	 7	 2320.3			 	
	 Bellbird							 6.367			 7.151			 1	 264.59			 6	 2055.8			 0.446	



















































































































































































detected	 high	 inbreeding	 depression	 reflecting	 poor	 outcross	 pollen	 income	 in	 isolated	 sites.	
Inbreeding	 depression	 in	 F.	 excorticata	 had	 been	 shown	 by	 Robertson	 et	 al.	 (2011)	 to	 be	
detectable	 only	 at	 late	 development	 stages,	 with	 traditional	 counts	 of	 fruit	 set	 and	 seedling	
quantity	being	likely	to	give	false	results	of	recruitment	success	where	self‐pollination	rates	are	
high.	Nevertheless,	 I	 found	 that	 a	 comparison	 of	 field	 rates	 of	 progeny	 performance	between	










































of	 native	 forest	 plants	 relying	 on	 birds	 for	 reproduction.	 This	 chapter	 synthesises	 the	 main	















native	 forest	 remnants	 of	 various	 size	 and	 isolation	 level,	 surrounded	 by	 farmland.	 The	
widespread	 New	 Zealand	 native	 tree	 Fuchsia	 excorticata	 was	 used	 as	 an	 indicator	 species,	
because	it	is	both	pollinated	and	dispersed	by	a	few	bird	species,	including	the	native	bellbird	and	
tui,	which	have	been	 largely	 reduced	 in	 range	 and	density	 throughout	 the	 country	 (Godley	&	
Berry	 1995).	 Fuchsia	 excorticata	 is	 a	 gynodiecious	 species;	 a	 lack	 of	 outcross	 pollen	 causes	























Table	6.1:	 Effects	 of	 various	 site	 parameters	 retained	 by	model	 selection	 in	 generalized	 linear	mixed	
models,	 on	 the	 number	 of	 birds	 detected	 per	 5‐min	 count	 in	 18	 lowland	 forest	 fragments	 on	 Banks	
Peninsula	(data	2005‐2016),	and	on	F.	excorticata	reproduction	measures:	pollen	load	score	in	13	of	these	
sites,	 fruit	removal	 in	10	sites,	and	seeds	per	 locule,	germination	rate,	and	difference	 in	seedling	height	
between	parent	sexes	 in	11	sites.	white:	not	retained	by	model	selection,	green	+:	positive	effect,	red	‐:	










difference	Tree	sex	 F	 H	 F	 H	
Altitude	 	 	 	 +	 	 	 	 	
Area	 ‐	 +/‐	 	 	 +/‐	 	 	 	
Connectivity	
(dH	or	ADRA)	
+	 +	 	 +*	 +	 	 	 +	
Edge	 	 	 	 	 	 +	 	 	
FEdensity	 	 ‐	 ‐	 +	 	 +	 	 +	
Mutualist	
birds	












































































































































































































pollination	 may	 suffer	 inbreeding	 depression	 with	 the	 seemingly	 successful	 production	 of	




Theoretically,	 dispersal	 failure	 may	 be	 responsible	 for	 the	 disruption	 in	 gene	 flow	
between	populations,	ultimately	reducing	local	genetic	diversity	and	causing	genetic	bottlenecks	
in	 isolated	 populations	 (Sork	 &	 Smouse	 2006).	 However,	 studies	 measuring	 the	 field	
consequences	of	dispersal	 failure	 for	New	Zealand	native	plants	are	 lacking	(Kelly	et	al.	2004;	
Robertson	et	al.	2006).	Local	extinction	risk	due	to	dispersal	 failure	alone	depends	on	various	
factors	described	by	Bond	(1994)	and	termed	“mutualist	service”,	“mutualist‐dependence”,	and	








general,	 dispersal	 failure	 may	 generally	 be	 worrying	 only	 when	 occurring	 conjointly	 with	
pollination	failure	(Kelly	et	al.	2004;	Kelly	et	al.	2010;	Anderson	et	al.	2016).	
In	this	study,	I	found	that	the	local	disruption	in	plant‐bird	mutualisms	was	driven	mostly	
by	poor	 connectivity,	 both	between	populations	 (low	 site	 connectivity	within	 the	 fragmented	
landscape)	and	perhaps	also	between	individual	trees	within	populations	(low	visually	assessed	










relative	 unimportance	 of	 patch	 area,	 for	 sufficient	 interactions	 with	 birds	 to	 ensure	 both	







partners:	 in	 the	 case	 of	F.	excorticata	used	 in	 this	 study,	 an	 average	 connectedness	 of	 500	m	
between	forest	fragments	was	estimated	based	on	reports	of	bellbird	travel	distance,	keeping	in	
mind	that	bellbird	are	able	to	achieve	much	longer	travels	on	less	frequent	occasions	(Spurr	et	al.	
2010).	 	 	 This	 distance	may	 be	 adjusted	 to	match	 the	mobility	 of	 other	mutualist	 species,	 i.e.	
probably	 shorter	 for	 insect	 pollinators,	 or	 longer	 for	 the	 dispersers	 of	 large‐seeded	 trees.	
Processing	GIS	data	with	the	software	Conefor	(Saura	&	Torne	2012)	will	allow	for	the	calculation	
of	 the	Harary	 index:	 the	overall	 landscape	connectivity	of	 the	region	 in	which	the	fragment	of	












surrounding	 matrix,	 strategically	 located	 between	 the	 isolated	 fragment	 and	 other	 patches	
containing	populations	of	the	same	species.	The	addition	of	such	ecological	nodes	in	the	overall	
network	 of	 species	 interactions	 would	 be	 beneficial	 not	 only	 to	 increase	 the	 reproductive	























conversion	of	native	 forest	 into	 farmland.	Thus,	 the	usefulness	of	protecting	small,	potentially	
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